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SOME GENERAL CONSIDERATIONS IN EVALUATING LOCAL
ANESTHETIC SOLUTIONS IN PATIENTS *

M. L. TaiNtTer, M.D., Axp Leo WinTter, D.D.S., M.D.{

Rensselaer, N. Y.
New York, N. Y.

To persons who have been working in the field of local anesthesia for
any length of time, or who have attempted to survey the literature pub-
lished in the last fifty years, it seems that progress has become slow and
that the achievements of the last two decades are of relatively minor im-
portance. There has been no strikingly original development in loeal
anesthetics since the first years of the ecentury, when procaine was intro-
duced, and it was discovered that epinephrine could be advantageously
added as a vasoconstrictor. Sinece then the alterations in practice
brought about by research have been those secured through changes in
the degrees of potency or modification along special lines, but none of
which has represented an innovation which was a sharp break with the
past. This emphasizes the fact that we appear to have attained a static
condition in the development of local anesthetic agents, where there may
be anticipated quantitative improvements rather than major qualitative
inventions which would start us off in an entirely new direction.

It would be extremely perilous to prophesy that there shall not be
developed any qualitatively different anesthetic materials in the future,
but nevertheless, the results of forty years of very intensive research at
least indicate that this major invention is not going to be arrived at
easily. Until a genius comes along with a bold new idea, which breaks
open an entirely new field of study, the best that the rest of us can do is
to try to improve our knowledge along more obvious lines to the utmost
degree. This means that there must be a refinement of technies and
procedures from the quantitative standpoint, so that we may select the
best of a series of closely related products, or may avoid failing to recog-
nize an additional 10 per cent or 15 per cent in some useful property
which the coarser objective methods of an earlier generation would have
missed. :

With the emphasis thus placed on refinement in methods of study of
local anesthetic agents, it becomes necessary to evaluate critically proce-
dures for studying these remedies so that those working in this field may
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make their observations in such a way as to give them maximum value.
To the trained pharmacologist or statistician working in the field of bio-
logical evaluation, the methods and principles to be employed are well
understood. Ilowever, to the clinician who does not have occasion to
use these frequently, there may be some point in discussing certain
phases of these procedures, that he may know the general organization
4 study should have if it is to yield maximum value.

Trae Vauiry ofF INpIvIDUAL OBSERVATIONS

It is a truism, so well recognized that it is startling to see it so often
neglected, that no conelusions can be drawn which are more reliable than
the data from which they arise. It is not possible to make careless, in-
complete, or inaccurate observations, and from these by some statistical
sleight of hand draw aecurate conclusions as to what actually took place.
In the field of clinical local anesthesia this problem of getting accurate
observations is complicated by a factor which is frequently overlooked.
This is that there is no objective way of measuring whether sensation
is absent or not, that can be applied readily in patients. In each case
the interpretation as to the degree of anesthesia depends on the judg-
ment of the patient or operator. Therefore, the data are subjective in
origin, no matter how objective might be later interpretations of them
when they are arranged in carefully organized numerical tables.

The subjective factor is unusually important in this field because
there is no clearly recognized end point which is so sharp as to leave no
doubt as to whether anesthesia is present or absent. If there is a com-

“plete bloek of thenerve; so that-there is-no sensation to even the strong-
est stimulus, or if there is exquisite tenderness or pain, then there can
he no doubt as to how the response should be classified. However, in
that very broad intermediate zone of partial depression of nerve fune-
tion, the decision as to whether complete anesthesia is present depends
upon many factors inherent in the individual, or related to the sur-
rounding circumstances. This is well illustrated in the observations
of individual variations described by Crile in his studies on anoci-
association.

Two of the extraneous variables are the intensity and frequency of
the stimulus, which are difficult to control or to measure quantitatively.
Another factor, which is not often consciously considered, is the in-
herent sensitivity of the part in question. It is well known that the
various portions of the body have very different thresholds to pain as
well as other sensations. The conjunctivae of the eye and urethra are
muech more sensitive than the mucous membranes of the mouth. A
stimulus insufficient to arouse sensation in the partially anesthetized
mouth would give rise to acute discomfort on these other membranes, if
they were only anesthetized to an equal degree.

How important these are may be illustrated with some data from the
experience of one of us (T) in trying to evaluate topical anesthetics to
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be used in oral surgery (1). In this particular series of studies, alleged
local anesthetie solutions were used in pairs in the mouth of each patient
in a dental surgical elinic. They were applied identically, one on each
side of the mouth, at the same time, and a record made at the time of
application as to whether, in the opinion of the surgeon and the patient,
anesthesia was absent, was partial or was, perhaps, so complete that
there was no sensation at all. These solutions were labelled by num-
bers only, and in many of the pairs of bottles there was included, as one
member of the pair, normal salt solution or dilute alcohol, which had
been aromatized and colored so as to resemble a true topieal anesthetic.
The solutions were frequently changed and were supplied under many
different numbers and combinations so that all the subjeetive factors
were balanced out as well as can be done in clinical studies. The sur-
geons knew at no time the true composition of the solutions under test.
The data secured have been summarized in part in table 1.

TABLE 1

CouparaTivE Locar ANESTHETIC EFFICIENCY OF CONTROL AND ANESTHETIC SOLUTIONS APPLIED
Toricatry 1o e Gums axp Orar Mocosa

Degree of Local Ancsthesia
Solution No. of Cases
. Complete Partial None

% % %
Physiological Salt Solution. . ............ 576 11 32 a7
Aleohol 10%,........... .. 201 16 . 28 56
Aleohol 959%. . .. 156 37 41 22
Procaine HCI 209, 37 19 38 43
Coeaine HC11%,. .. 10 15 75 10
Phenol 5% in IO ....... .. 3R 32 44 24
Benzoeaine 10% in 709 aleohol . .. ... ... (] 59 39 2

It can be seen that in 11 per cent of the patients treated with physio-
logical salt solution, there was, in the opinion of the doctor and the pa-
tient, complete anesthesia. An additional 32 per cent believed that par-
tial anesthesia was present, making a total of 43 per cent of patients in
whom the suggestion that a topical anesthetic had been applied was
enough to secure the subjective impression of anesthesia from a com-
pletely bland and ineffective agent. With 10 per cent aleohol, which

-also is probably not at all anesthetie, almost identieal values were se-
cured. In other words, the mucosa of the mouth is so insensitive that
almost one-half the patients and operators believed some anesthesia had
heen produced when there was no true anesthetic effect. Obviously,
therefore, a much less intense anesthesia would be required in the mouth
for topieal effects than would be needed in some organ that was highly
sensitive.

It might be of interest to point out that in these studies, which in-
volved about forty different materials, procaine, even in the strongest

strength which could he tested, was quite ineffective as a topieal anes- -
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thetie, a finding which is in accord with general experienee, and that
cocaine was rather poor, hecause the conditions required prompt anes-
thesia, while cocaine acted relatively slowly. The best topical anes-
thetic in this series was benzocaine, which produced anesthesia in all
but 2 per cent of the patients. It was used as an aleoholic solution,
which caused some difficulty, since aleohol in the 70 per cent strength
needed is somewhat caustic to the oral mucosa when applied on cotton
pledgets. Later observations not included in the present data have
shown that excellent anesthesia from benzocaine can be secured by using
the same 10 per cent strength in propylene glyeol without eansing chemi-
cal burns of the tissue.

Meruons oF HaxprLing Data

After the individual observations of the local anesthetie responses
have been made, there still remains the problem of how to group and
cvaluate the recorded information so as to extract the greatest informa-
tion. If the data have consisted of observations in which the frequen-
cies of certain types of response are recorded in terms of the volumes
of solution administered, or some similar numerical classification, it is
often useful to average the values in each particular group and to
plot these on some form of graph paper. When this is done on paper
ruled with the usual arithmetical scale, the data almost invariably as-
sume an S-shaped curve which is more or less regular, depending upon
the amount of data secured and the accuracy of the estimates of the
responses. For many purposes such a curve is highly informative.
However, it suffers from one serious defect, which is that values have
to be secured on each part of the curve, in order to permit conclusions
in that area of the dose-response relationship. This is because with a
curve the position of the line cannot be fixed accurately except between
points relatively close together, and practically not at all by extrapola-
tion beyond the zone of observation.

It has heen found that such curves will almost always he transformed
into a straight line if the values are plotted as probits or their equiva-
lents on probability paper. The advantage of such a transformation is
that, if necessary, a straight line may be drawn from determinations of
only two points, thereby permitting fairly reliable inferences as to the
expected degree of response from doses not used and even at the ex-
tremes of the curve where it would be practically impossible to obtain
sufficient observations for safe conclusions.

An example of how this may operate is shown in the hypothetical
curve of figure 1, in which there are plotted on the left the concentra-
tions required to produce anesthesia in various percentages of cases in
a given series. It can be seen that anesthesia would be produced in 50
per cent of the cases from an injection of 40 mg. However, using the
straight line relationship, we can predict that there would be 0.01 per
cent, or 1 patient out of every 10,000, who would be anesthetized by only
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13 mg., and that there also would be 1 out of every 10,000 who would
not be anesthetized by 120 mg.

Obviously, such a curve permits us to obtain some idea as to what
incidence of abnormal or ‘‘idiosyneratic’’ responses might be antici-
pated in a series of adequate magnitude. It is not always certain that
the extrapolation can be carried to the extreme indicated here, since in
some sets of data the curve may break at some point and a new straight
line with a different slope be established. However, when this occurs,
it is the result of an intervention in the phenomenon of some different
mechanism, and therefore, oftentimes by itself reveals some important
phase of the action which might otherwise be overlooked.
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Fia. 1. The influence of dosage in mg. on the percentnge showing anesthesia (left) and
dying (right) from a hypothetieal local anesthetie.

Inspection of the figure indicates that the slope of the curve is a
matter of great importance. If the slope is steep, the concentrations
required to produce a given action fall within a narrow range. This
enables the surgeon to be more sure as to the amount needed for anes-
thesia. However, where the slope is flat, anesthesia would be produced
in some patients at concentrations much less than is required by the
majority, and, conversely, there will be inereased numbers of patients
where anesthesia fails even though the concentration is many times that
adequate for the majority. .
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With such flat slopes the danger of getting toxic and dangerous ve-
actions is intensified. ‘This is illustrated in the same figure by the curve
on the right where there is plotted the hypothetical mortality curve of
the same anesthetic for various doses, assuming a margin of safety simi-
lar to that of the common ldcal anesthetics. It can be seen that there is
an overlapping of the curves so that the dose of 100 mg., which would be
vequired to assure anesthesia in 999 out of 1,000 patients, might cause
a fatality if not antidoted in about 1 out of 3,000 patients. It is in the
overlapping zones of these two curves that we find the occasional patient
who dies from a concentration of a local anesthetic which is well toler-
ated and used with satisfaction in the vast majority of individuals.
Obviously, we do not have to create special theories of ‘‘idiosyncrasy,’’
“‘thymie states’’ and related hypothetical situations to explain such
oceasional unexpected adverse effects. The simple laws of probability,
and distribution of reactivities according to well established biological
principles, is explanation enough.

From this viewpoint it can be seen that the older terminology of
“maximum tolerated dose’” or “minimum fatal dose” has no precise
meaning, because there is no such thing as a minimum fatal dose or a
maximum tolerated dose. There are simply doses which have fixed
probabilities of producing stated effects in certain proportions of cases.
These older terms should be discarded because they tend to give one a
wholly fallacious sense of quantitative accuracy. When it is stated that
the margin of safety between the effective anesthetic dose and the mini-
mum fatal dose is 10 times, there is omitted the crucial information as
to whether the slopes of the curves between dose and anesthesia and
fatalities are so flat that there will be an appreciable chance of either
anesthesia not being secured from highly safe doses or fatalities being
encountered from surely effective ones; or as in the ideal case, whether
the eurves may be so steep that there is no significant overlapping.

In our opinion, there has not been adequate consideration of the
slopes of the curves of response of various anesthetic drugs. It has not
been established, for instance, whether the slopes for anesthetic potency
are the same as for toxicity. It is probable that even for compounds
of identical potency at the 50 per cent point there may be differences in
the slopes of their dosage-action curves which would make the one with
the stecpest curve preferable for use. It remains to be established
whether the curves expressing various aspects of the response to any
given anesthetic are parallel.

Tn some types of data, the information is not secured in the form of
frequencies of a given response, but rather in terms of a measure of
the amount required to achieve a certain end point in a certain number
of animals. The former type of data is like that of pitching a coin
where you either have a head or a tail, but never anything in between;
whereas the latter is like the titration of a solution; where you measure
the exact value on the particular material in question. For these latter
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““eraded responses’’ the number of subjects required to establish the
average value with aceuracy is much less than for the ‘‘frequency re-
sponse’’ type of data. This is illustrated in table 2 where the mor-

TABLE 2

COMPARIEON OF THE N UMBER OF ANIMALS NEEDED FOR ACCURACY IN DETERMINING THE LETHAL
Dose or ProcaiNe By THE GRrADED RESPONSE aND FREQUENCY
DistriBuTION TYPE OF PROCEDURES

Ty| No.
4’) Nature of Test Ani:mh LDiskse. Variance $o Reference
Procedure Used
Intravenous cat procaine 3 3094 23 7.4 2)
Graded
Response Intravenous cat procaine [ 643+ 74 11.5 2)
plus epinephrine
Rats intraperitoneal 125 257. £ 8.0 3.1 (2)
Rats intraperitoneal 28 269. + 5.8 22 @)
Rats intravenous 155 383+ 1.6 4.2 3)
Frequency
Response Mice intravenous 100 569+ 1.5 26 3)
Miee intraperitoneal 120 124, £ 7.1 5.7 3)
Mice subcutaneous 36 339. 424 12.5 3)

tality of procaine determined in the two different ways is tabulated.
It can be.scen that by using only 5 or 6 animals in the graded response
type of determination, an accuracy of the estimate was secured of 7 and
11 per cent respectively, whereas when the frequency type of data was
secured, from 28 to 155 animals were required to secure data of about
the same order of accuracy. It is general experience that about 10
times as many observations are needed in the frequency type of deter-
nination, to establish a value with a given degree of accuracy, as is re-
quired when graded responses may be used. Therefore, it is of great
value in local anesthetic studies to make the observations of the graded
response type, if at all possible.

BaLaxcep Desigy oF EXPERIMENT

When studies are being carried out on clinical material, many fac-
tors enter which cannot be controlled and which may modify the ob-
served response in a manner not representative of general experience.
Such things as season of the year, sex and age of the patient, the experi-
ence of the operator, and other elements which do not require enumera-
tion, oftentimes serve to make one series of observations not comparable
to those of a second series set up as a control. To avoid this it is very
important deliberately to arrange balance in the design of the experi-
ment, so that cach factor which cannot be directly controlled is balanced
out by seeing that it occurs with equal frequency in each series. The
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casiest way this can be accomplished is to have the procedure carried
out on the same patients with the two solutions under test at one time,
or by splitting them into groups in which the sequence can be reversed
for balanee. In this way any shift in the skill of the operators, seasonal
changes or related phenomena will balance out, and their effects cancel.
It is, of course, not always possible to get an ideal balance in the design,
because it is seldom that patients have multiple identical operations,
or ones so similar that one can be considered a control on the other in
the same patient. However, attempts along these lines ecan be made in
such types of operations as bilateral hernioplasties, tonsillectomies and
in oral surgery. The more closely a complete balance in the design is
attained, the greater will be the reliability of any conclusions that may
he drawn and the smaller the number of patients required. In the ex-
perimental laboratory this balance is not so difficult; since there the
animals and the experimental procedures are under more complete
control.
INFLUENCE OF AGE

In carrying out studies on local anesthetic procedures one of the
variables constantly present is differences in the ages of the patients.
It is a matter of considerable importance in trying to cvaluate data
cither to assure oneself that the age distribution is identical in the ex-
perimental and control groups or else to determine that the age distri-
hution does not modify the responses being studied. We have recently
had the opportunity to analyze the results of a ‘‘blind-test’’ study of
the effects of 13 local anesthetic solutions used for oral surgical proce-
dures in about 4,000 patients. These solutions were either well known
preparations or proposed modifications of current formulae. These
data are being presented elsewhere from the standpoint of the effects of
the various solutions, so that this phase of that study need not be dis-
cussed here (4). The data, however, offered the opportunity of segre-
vating the patients according to various other physiological eriteria to
determine whether any of thesc could be used to predict the type of
response to be anticipated from the anesthetic. The patients were
totally unselected and, therefore, accurately represented a cross section
of patients requiring surgical procedures on the mouth, face and jaws.

When these data were classified according to age, there were 3,735
patients in whom age data were available, of whom 46 per cent were
males. The volumes of solution used in the various age groups were
substantially the same, within the limits of error of estimation, or
the differences were so small as to have no biological significance,
as was true also of the average times of onset of anesthesia. Various
disease conditions were present in a portion of these patients, and
the categories of cardiovascular and kidney disease increased pro-
aressively with age, as would be anticipated. The age group of 1 to 9
vears included only 14 individuals who, having mainly deciduous tecth,
were not comparable to the rest of the series.
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In table 3 we have summarized the significant findings concerning
which some coriiment may be made. Inspection of this table will reveal
that the degree of anesthesia produced throughout the various age
groups was similar within the limits of indicated variation. The pos-
sible exception to this was in the highest age group, of those above 70
years, in whom 96 per cent of the operations were completely painless
after only a single injection. Because of the special nature of any
operative procedures which might be carried out in this group, who
were to a very considerable extent edentulous, it does not seem likely
that this represents any true deviation in sensitivity to the anestheties.
The duration of anesthesia averaged one hundred fifty-eight minutes for
the entire series. It can be seen that there is an apparent tendency for
short anesthesia in the low age groups and long duration in the older
individuals. Because of the high variability between individuals, these
differences are not established to as high a degree of reliability as could
be desired, but there are indications that longer anesthesia is apt to be
associated with increased age.

Another feature of the response in which age might enter is in the
emotional reaction to the operation. Inspection of the table shows that
only about one-third of the youngest patients were calm and cooperative
during the operation, as compared to more than two-thirds who caused
no such difficulty in the oldest age group. Patients who were very dif-
ficult to handle were encountered only one-third as frequently in the
older patients as in the very young ones. These differences were pro-
eressive with age and reflect the better emotional poise and self-control
which is developed with advancing years. This is an item of some im-
portance to a surgeon, sinee it indicates the frequeney with which diffi-
culties should be anticipated in maintaining the patient’s cooperation
during the operations.

The amount of bleeding observed in these patients was recorded both
during the operation and postoperatively, according to the categories of
none, slight, moderate, and excessive. For the sake of brevity, only
excessive bleeders during the operation have been tabulated in table 3.
Excluding the 1 to 9 year group, it can be seen that excessive bleeding
progressively increased with age until finally in the 60 to 69 year
aroup there was difficulty in about one-fourth the patients from this
source as compared to only 7 per cent of the young group. Inspection
of the blood pressure measurements on these individuals reveals that
the systolic and diastolic pressures recorded before injection increased
with age, as has been frequently demonstrated in other types of observa-
tions previously. Thercfore, it may be that the increased susceptibility
to hemorrhage in the older group was associated with the higher levels
of arterial pressure. It will he noted that the changes in systolic blood
pressure during the anesthetic procedure were greater in the older indi-
viduals than in the young groups, but that no such difference was ob-
served in diastolic pressure. The differences here are fairly small, but

20z ludy 60 uo 3senb Aq ypd'$0000-000607 Y6 L-Z¥S0000/8606817/0./S/S/sPd-0l011E/ABOj0ISBUISBUE/LIOD" JIBYDISA|IS ZESE//:d]Y WOL PapEsjuMOq



480 M. L. Tainter axp Leo WINTER

again they seem to he progressive with age in a way which could
scareely be aseribed to chance variation. Conversely the normal pulse
rate decrcased progressively with age, hut the change in the pulse rate
due to the injection was the same for all age groups.

It would seem that from the standpoint of age, the most sxgmﬁcant
feature is that it exerts considerable influence upon the degree of co-
operation to be secured from the patient, and on the amount of bleeding
to be anticipated. The other effects are so small as to be of no practieal
importance.

Errects oF DiseasE States oN REsroxNse

Another problem on which information can be obtained from these
data is whether patients with existing disease states represented bad
operative risks. The patients were classified by the examining doctors
or nurse as being either normal or having (1) cardiovascular disease,
(2) kidney disease, (3) pulmonary disease, (4) diabetes, (5) neuro-
muscular disease, (6) pregnaney, or (7) other disease states not in-
cluded in the above. In table 4 are summarized the positive correla-
tions found between the various disease states and the responses being
recorded. The obvious correlations such as sex and age to pregnancy,
ete., have not been included in this table, as a means of conserving space.

The completeness of anesthesia was substantially the same in all the
groups of patients, indicating that none of the disease states encoun-
tered here predisposed the patient to a poor response to the anesthetic
agent in terms of degree of anesthesia produced. The onset and dura-
tion of anesthesia were the same for all groups. Those individuals with
neuromuscular disease proved to be most uncooperative, whereas preg-
naney was associated with unusually good covperation. The other dis-
case states did not seem to modify in any significant way the degree of
cooperation to be secured from the patient.

Excessive bleeding during the operation was seen particularly in the
cardiovascular and nemonmscular disease groups and was significantly
diminished in the pregnancy and pulmonary disease classifications.
Sinee the cardiovascular group contained many hypertensives, the in-
creased bleeding here may well be explained on that basis. There is no
ready explanation, however, for the increased incidence of excessive
bleeding in the patients suffering from nervous disorders.

The systolic and diastolic blood pressures were high in the cardio-
vascular group and were moderately raised in the renal and diabetic
classifications. Pregnancy scemed to be associated with a low blood
pressure, both systolic and diastolic, of considerable magnitude possibly
due to youth. However, inspection of the average blood pressure levels
after the injection of the anesthetic reveals that all of these various
groups responded with an inerease in blood pressure, both systolic and
diastolic, of about the same magnitudes, the exception being pregnaney,
where there were few patients recorded, and where the changes were

20z ludy 60 uo 3senb Aq ypd'$0000-000607 Y6 L-Z¥S0000/8606817/0./S/S/sPd-0l011E/ABOj0ISBUISBUE/LIOD" JIBYDISA|IS ZESE//:d]Y WOL PapEsjuMOq



481

EvaLuatixé LocaL ANESTHETIC SoLuTIONS

Downloaded from http://asa2.silverchair.com/anesthesiology/article-pdf/5/5/470/489098/0000542-194409000-00004.pdf by guest on 09 April 2024

E0FC8L | 8T0FLLL

STOF1'C6 | S20FEeW | ———— | ————— | 690F0U1 | L00F0°T1 | €8°0 FEE | OFOFLO 1086 | sUMOYL pautquun,)
¥0FO0M | GrOFeTEL
0WIFLBL | 0IFOLL

FUIFZ06 | 060F820 | ————— | ————— | FIZFFI | 20TF0L | 628 FOF | FUIFED (111 LNt
ZTFC IRl | 90ZF I'EEL
I6EFILO | 0B FFL20

C8'FFECOl | SHEFIZOL | ———— | —————- | 90LFES CFOFLY | LIBIFEEE 00 el Sownutazg
SOGFEOIL | GHEFEECIL
LTIFE6L | TIFI'8L

ISOFHO8 | 631FHI | ———— [ —— EVEFLOl | OLEFRTT | 03'F FLIE | YRTFOB cel FumaNI(] DA1IX
ETFCTL | LBTFSEET
I8'1F2T8 | O IF8 18

I'ZF6O | 21EFOH8 | ——— | —————— | 0'+FTEl | OUFFOEL | 8L°0 FMiF | IETFLE o sajaqu(
6TEF LTI | LEEFOEH
tETFTLL | BUTFIRL

193FCZ01 | EIBFIL0 | ———— | ———— | FUFFLOl | EFSH | KO FOTF [ FFEIFECE 2 aswasy(] Sanuowng
SHEFCOEL | 00'FF V02T
19'1F0e8 | 69 1F90'(8

INIFUS | eFIFEI | ———— | — — | LWEFOOL | SEEFIDL | 19t FHTF | 06 IFLF zal aswasi(] Koupryp
RYEFTIGL | 6ZTEF OO
HUFO88 | 66°0F0°8 aguasi (]

08'0FI'26 | OLO0FPES | ———— | ————— | 98'1F001 | FLUIFFOl | €83 Fger | OUIFOL ogt | Sa0pumaa,) 10 pveg|
08 1FZTL | SLIFTHL
1E0F0L | 630F 6L

HOFLHe | 0g0FRIG | ————— | ————— | 280F0C1 | SOOFEUL | 001 FHLE | OCOFEG 2807 | fruntoy d0 aanuiax
090FOFEl | SFOFTLEL

] 1 naAuy fu) W 2apwsnloo) .
gy 10)oyg any Jopag ..:»U.o.r 10y pus ws))
¥ ) duy wvy)
-angp BepgL Jo o]
synup gy vz 1) 13

1) ey W ng

anvsaz] pooyt

ORI WY

FUAAAION ] ILAHISANY IVIO°[ OL JAENOISHY] NO SHLVLG HSVASI(] DNISIXY 40 1)

¥ IV




482 M. L. Tarxter axp Lro WINTER

minimal. Therefore, there is no reason for the surgeon to fear that the
presence of these disease states might be associated with a tendency for
undue cardiovascular respounses, at least insofar as the present type of
injections are concerned.

INFLUENCE OF SystoLiC BLoop PRESSURE

Another eriterion which might be applied to a patient is that of blood
pressure, since it is possible that an unusual level of systolic or diastolie
blood pressures may be associated with aberrant responses to the anes-
thetie. In table 5 are summarized the data according to systolic blood
pressure groupings.

It was found that there was no correlation between the systolie pres-
sure and the volume of solution required, the degree of anesthesia pro-
duced or its time of onset. As was to be expected, the average ages of
the patients were greater in the groups with higher average levels of
systolic pressure. The duration of anesthesia as recorded was rather
variable because of the difficulty of keeping the patients under continu-
ous observation until complete return of sensation had occurred. How-
ever, the data seem to suggest that the duration diminished in the
aroups of higher systolic pressure, indicating perhaps some difference
here from normal individuals.

Patients who were difficult to handle apparently were more numer-
ous in the elevated systolic pressure groups than in the normal indi-
viduals. It may very well be that we have a causal relationship here,
since the emotional condition which would produce poor cooperation
with the surgeon might well increase systolic blood pressure at the same
time. It would appear there were increased possibilities that persons
with high blood pressure levels would prove more difficult to handle
than the patients in the normal pressure range. Excessive bleeding
also was considerably more frequent as the systolic blood pressure level
rose. In the individuals with the lowest pressures only 6.3 per cent
were recorded as giving excessive bleedings, whereas in the highest
pressure group there were 40 per cent of such cases reported. Obvi-
ously, there would appear to be a direct relationship between the sys-
tolic blood pressure level and the amount of difficulty to be anticipated
in controlling the bleeding during the operation.

A question which is of immediate interest to a surgeon is whether
a high blood pressure level indicates that he is going to have a greater
than normal pressor response to the anesthetic to contend with. There
is a certain fear that undue cardiovascular responses should be expected
from persons with high blood pressure. However, inspection of the
data in table 5 shows that after the injections the increases in both sys-
tolic and diastolic blood pressures were no greater in the hypertensive
group of patients than in the normal individuals. In other words, the

circulation of a hypertensive individual does not tend to give an exag-
gerated response to a pressor substance or stimulus. This fact is of
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some interest, not only in understanding local anesthetic procedures,
but also in the consideration of the basic causes of clinical hypertension.
The pulse rates tended to be faster in patients with elevated systolic
pressures than in normal.  Again, however, there was no evidence, as
is shown in the table, that any groups of these patients had greater
pulse changes than those at other systolic pressure levels.

InFLUENCE oF DiastoLic Broop Pressure

The diastolic blood pressure groupings are summarized in table 6.
Omitted from this table as from the others are the tabulations of vol-
umes of solutions, completeness of anesthesia, onset times and other
observations made in which there were no significant findings as related
to the criterion under examination.

As was to be anticipated, the average age was higher in those indi-
viduals of the greater diastolic pressures. The duration of anesthesia
seemed to be greatest in those having normal diastolic pressures and to
he possibly slightly shorter in those of either unusually low or unusually
high diastolic readings. However, because the number of patients on
whom adequate data were available is not as large for this part of the
observations as could be desired, the standard error figures recorded
are so high as to make conclusions hazardous. Excessive bleeding was
infrequent in those with low diastolie pressures, and seemed to increase
as the pressure rose. This parallels the effects of systolic pressure, so
that it cannot be determined whether ecither or both of these were the
ausative factor leading to excessive bleeding, or whether they were all
dependent on some underlying cause. These individuals with high
diastolic pressures also.had high systolic pressures, as was to be ex-
pected.  ITowever, the data in the table show that high levels of "dias-
tolie pressure before the operation were apparently not associated with
any unusual inereases in systolic pressure during the operation. As a
matter of fact, there is an indication that at the higher levels of diastolic
pressure there was a tendeney for the diastolie readings to be dimin-
ished slightly after the anesthetic injection rather than to be raised, as
was the case at sub-normal diastolic levels. There were associated with
increased diastolic pressures before the injections were made, increased
pulse rates. However, the pulse rate changes are so small that from
the data it cannot be concluded that any unusual pulse rate change was
associated with any pre-existing level of diastolie pressure.

InrFLUENCE oF PULSE RaTE

The pulse rate is another measure of the cardiovascular condition
which can be readily observed hefore the operation and which might,
therefore, be of interest as a means of predicting the type of response
to be secured. It was found, however, that the volumes of solution re-
quired, the degree, onset and duration of anesthesia. were not correlated
with the initial pulse rates. However, a striking relationship was found
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hetween the initial pulse rate and degree of cooperation of the patient
(table 7). Those individuals with slow pulse rates were in general
highly cooperative and gave little difficulty during the operation. How-
ever, those with excessively fast pulses gave increased iucidences of
difficult handling, which were of such high frequency, as a matter of
fact, that the observation of a fast pulse in a patient hefore operation
should lead the surgeon to take special precautions to maintain calm
and to avoid exciting the individual in question.

Excessive bleeding was not associated with any particular level of
pulse rate, so that in this there is a difference from the other two cardio-
vascular measurements of systolic and diastolic pressures. Inspection
of the table shows that patients with high pulse rates had no higher
initial pressures, cither systolic or diastolie, than the normal individ-
uals, nor did they show any unusual pressor responses. Under these
conditions it is seen that the pulse rate could not serve to predict those
individuals who would have an unusual rise of bloed pressure from the
injection of the anesthetic. The pulse rate tended to inerease after the
injection in those individuals who had low initial pulses and to decrease
slightly in those whose pulse was very high at first. Inasmuch as the
tendency is for the pulse to return to the normal, when it is either un-
duly high or low, it is apparent that the changes in direction of response
observed here are those which would be anticipated quite independently
of any anesthetic procedure.

Suxmary a¥p CoNcLUSIONS

There have been summarized in this presentation some of the more
important variables which should be considered in undertaking a study
of local anesthetic procedures, or in evaluating the probability of secur-
ing under any given set of circumstances an abnormal or atypical re-
sponse. It is obvious that in setting up such a study those extraneous
factors which have here heen demonstrated to play a role should be so
distributed that they do not distort the average results and lead to fal-
lacious conclusions. ’

There is a crying need for extensive quantitative critical and objec-
{ive studies of the effects of local anesthetics in human subjects. It is
only by consideration of the contributory factors discussed here that
such studies may achieve a degree of reliability which will afford a safe
hasis for therapeutic innovations. It should be pointed out that with-
out such human studies proposed changes in local anesthesia are apt to
he of uncertain value. Animal studies can be done with a degree of
control and with a multiplication of experimental subjects which per-
mits almost any desired degree of accuracy. However, these animal
tests are often of limited usefulness in deciding whether one local anes-
thetic is superior to another in practice hecause of the small differences
involved. In attempting to carry over the results of the animal experi-
ments to the human organism, the unjustified assumption has to be made
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that the human responds quantitatively the same as the animals. This
is true usually for the quality of response, but is much less apt to be so
for the degree of the response. Therefore, since we are now searching
for, and are willing to utilize, even minor degrees of improvment in
local anesthefic materials, it is obvious that only human tests can prove
conclusively the existence of these alleged improvements for patients.
Because clinical investigations of the magnitude required are so difficult
to conduct, it is doubly important that they be planned so as to yield
the maximum information by fully taking into account all the vital con-
tributory factors enumerated herein.
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For the information of anesthesiologists who are contemplating
application for certification by the American Board of Anesthesi-
ology, Ine., or who are training physicians for the specialty, the
following questions have been employed for Part I (written) exam-
inations in the past in Physics and Chemistry:

1. What effect on narcotic potency oceurs when halogens are added
to a nareotic drug? What effect on narcotic potency occurs
when more hydroxyl radicals are added to hydrocarbons?

2. What principle in physies is involved that makes respiration
more satisfactory during an attack of bronchial asthma if a mix-
ture of helium 80 per cent and oxygen 20 per cent is inhaled
by the patient than if air is inhaled?

3. What are some of the dangerous impurities or degeneration
produets (if any) which might be found in cyclopropane, (old)
ether, chloroform, paraldehyde, ethylene, ethyl chloride? What
might be their effects if administered to a patient}
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